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The respiratory syst.em is unique in that
it is a system operating below the level of
consciousness, whose mechanisms are
activated by voluntary rather than involun-
tary muscle with some degree of voluntary
control. It is because of this voluntary
control that physiotherapy can be effective.
THE MECHANISM OF RESPIRATION
Respiration of the body cells depends on
their uptake of oxygen and its transport to
them and the relTIoval of breakdown pro-
ducts of oXIdation. The first requirement
in this system is access of the external
enVlronn1ental oxygen to the organism and
here the respiratory system, in the mamlna},
is the method provided by Nature.
The 1110vement of air is dependent upon
the movements of the chest wall and pres-
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sure changes within the thorax. The chest
wall movements are essentially those of the
ribs and dIaphragm, the ribs moving with
bucket-handle motion, the diaphragm
moving as a vertical piston. At the same
time, there is movement in the bronchial
tree, both In general relationship as the
chest expands and contracts, and locally,
in that its diameter increases with inspira-
tion and decreases with expiration. As the
chest wall expands the pressure within the
chest falls below that of the external
atmosphere and so air flows into the chest
cavity. As the chest wall decreases in size
the internal pressure rises and air flows out.
The active movement is that of inspiration,
as the chest wall must pull against the
natural elasticity of the lung. In the normal
subject expiration is a purely passive reac-
tion. When the chest wall musculature
relaxes the elasticity of the lung and chest
wall causes the chest cavity to decrease.
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Within the lung the only effective areas
for oxygen uptake are the alveoli, the air
in the transport passages, that is, the mouth,
nose, pharynx, larynx, trachea, bronchi and
bronchioles being largely unavailable for
oxygen uptake. Further, the introduction
of fresh oxygen into these "dead spaces"
is of little help; the degree of dilution of
greater the dead space the more dilution
important in respiratory efficiency. The
greater the "dead space" the more dilution
will occur.
The gaseous exchange between blood
and air occurring in the alveoli can be
affected by swelling of the alveolar wall
or by the collection of fluid on its surface.
A decrease in the number of patent capil-
laries naturally impairs gaseous diffusion
and the uptake of oxygen.
CONTROL OF RESPIRATION
Respiration, although partially under
voluntary control, is largely automatic. Any
hope of physiotherapeutic improvement
depends on voluntary movements being so
constantly practised that they become auto-
matic. The main factor, other than volun-
tary control, in the regulation of respira-
tion is assessment of blood chemistry by
various receptors within the cardiovascular
and central nervous systems. The respira-
tory centre is stimulated when the carbon-
dioxide content of the blood rises above
normal, producing reflex increase in rate
and depth of respiration. This is commonly
seen in a number of respiratory diseases.
When this mechanism fails the reflex con-
trol of respiration is taken over by the
carotid and aortic bodies in the great
vessels. These centres respond primarily
to oxygen decrease in the arterial blood
reaching them and are much less sensitive
to changes in respiratory efficiency. Apart
from these primary mechanisms there are
other reflexes involving peripheral nerves
throughout the body. Examples are the
gasp given as a reaction to pain and the
hiccough that may accompany gastric
distention.
PATHOLOGY
Chronic bronchitis and emphyselna are
two clinical entities which it is very difficult
to separate. The essential feature in
chronic bronchitis is the destruction of the
normal mechanism for removal of bron-
chial secretion. The cilia which sweep the
mucus from the smaller to the larger
bronchi and into the trachea, finally allow-
ing its clearing via the larynx, are
destroyed. The ciliated epithelium is then
replaced by mucus goblet cells. This is a
reaction to injury by infection, physical or
chemical irritation and often by the
association of all three. Thus, there may
be an increase in bronchial secretion and
an impairment of normal evacuation so that
the bronchitic patient suffers with a chronic
productive cough. From time to time an
acute infective element is superimposed due
to the favourable environment of the
lTIUCOUS accumulation for bacteria. There
may also be an allergy to the infecting and/
or irritating agents. Thus a secondary
bronchospasm asthmatic in type may be
added.
Emphysema is usually regarded as a
clinical syndrome, whilst its underlying
pathology is still not absolutely clear.
Cabot (1930) of the Massachusetts General
Hospital writes:
"Whether there 1S any clInIcal picture or any
phYSIcal SIgns recognIzable as corresponding wIth
these lesIons IS qUIte uncertaIn TIll 1921 I
thought I could recognIze emphysema The
followIng facts have dIsIllusIoned me. In 12
cases I diagnosed as emphysema only three
showed any emphysema post-mortem. Of 153
cases demonstrated post-mortem only seven were
recognIzed In hfe I am now convinced that th1s
clInIcal entIty barrel chest, hyperrebonance,
feeble prolonged expIration, etc J IS usually not
connected wIth 'emphysema' and that the patho-
logIcal entity {emphysema' 1$ often pI esent WIth-
out chnlcal SIgns I know nothing today about
the phYSIcal SIgns of emphysema. The thoracic
condltlon about to be descrIbed is very pOSSIbly
a dIsease or dIsorder of the chest walls them-
selves leadIng to varIOUS changes in resonance,
respu atory murmur, tactIle fremitus etc As a
guess I would call thIS condItIon a barrel chest
and descrIbe under thIS proVisl0nal term what IS
usually descrtbed as emphysema"
As can be seen from the above remarks,
the description to follow of the usually
accepted pathology of emphysema is in
some doubt, or at least the subject of some
controversy. The lung is described as
suffering from the loss of its elastic tissue
and also a general loss of alveolar surface,
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with partial collapse of some alveolar spaces.
This is the description referred to by Cabot.
These changes give rise to greater than
normal amount of air in the thorax at the
end of respiration (functional residual
capacity), an increase of the dead space
referred to previously, at least from a func-
tional viewpoint, and a decrease in the
number of avaIlable capillaries for oxygen
absorption and carbon dioxide excretion.
This loss also increases the amount of work
required of the heart to push the same
amount of blood through a decreased
alveolar capIllary bed and so may also give
rise to added respiratory distress from
secondary heart failure or cor pulmonale.
Apart from the pulmonary pathology it is
also usual that the chest wall itself becomes
increasingly rigid and relatively fixed in the
position of inspiration.
Whether the chest wall or the lung
changes are primary is still undecided. At
present the balance of opinion favours the
view that the disease is primarily of the
lung, chest wall changes being secondary.
}ETIOLOGY
Bronchitis occurs first as an acute con-
dition and is infective in origin. Later, with
repeated damage to the bronchial lining, it
may become chronic. Other factors affect-
ing the resistance of the bronchial tree are
exceedingly important. Occupation and
dust, allergies and asthma, environmental
conditions (smog or humidity) , winter
susceptibility to colds, altitude, toxic con-
ditions affecting the body as a whole such
as teeth, tonsils, sinus and nasal infections,
all play a part. Smoking may cause
bronchial irritation.. The outlook of the
patient is also important. A psychological
reaction to stress may give rise to bronchial
spasm.
Emphysema commonly follows chronic
bronchitis, asthma and bronchiectasis and
is thought to be induced by the increased
bronchial resistance to air flow caused by
increased bronchial secretion and broncho-
constriction. This is aggravated by direct
damage to the lung parenchyma by
infection.
Primary degenerative processes may
occur in the alveolar walls.. The progressive
dIsappearance of these is a normal ageing
process which IS not usually noticed because
age in itself restricts physical activity, but
if the process occurs relatively early In life
then symptoms may be noticed.
THE CLINICAL PICTURE
Bronchitis and emphysema, usually seen
in conjunction, give a familiar picture of
cough, a varying amount of sputum which
mayor may not be infected, some degree
of wheeze which is maximal on expiration,
and shortness of breath unrelated to the
wheeze but aggravated by it. Hremoptysis
may occur where there is severe bronchial
damage and irrItation.
Fluid retention in the body generally is
common with some degree of heart failure
and the patient tnay at times become toxic
and cachectic. On examination the patient
has a chest which at the end of expiration
'still appears relatively expanded. It is
classically described as having an accentu-
ated sternal angle and a widened subcostal
angle. Cases may sometimes be seen where
the chest is long and narrow, but the
diaphragm is then very low in position. The
percussion note is hyperresonant and the
air entry is poor.
Vital capacity estimation may be helpful
but the emphysematous patient may have a
vital capacity which is nearer to normal
than would be expected from his degree of
dyspncea. One patient seen recently had a
vital capacity of 4-9 litres (normal). This
discrepancy occurs because vital capacity
alone does not take into account the time
required by the patient to fully empty his
chest.
Estimations of maXimum breathing
capacity are more helpful in this regard.
The patient breathes as hard, as fast and
as deeply as he can manage in a measured
time and the total volume of air moved by
his chest is also measured. This test giv~s
some indication, not only of chest capacity,
but also of chest mobility, that is, its func-
tional efficiency. The same patient had a
maximum breathing capacity of only 30
litres per minute, the normal being about
130 litres per minute.
Screening the patient gives a clear idea
of the degree of diaphragmatic movement
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present. X-rays give added information
as to the degree of lung "evaporation", as
evidenced by increased radiographic trans-
lucency.
In a few patIents more elaborate func-
tional studies may be needed to clarify the
dIfferential diagnosis.
TREATMENT
The treatment of bronchitis is first
directed at removing any causatIve factors
where possible. Removal to an atmosphere
free of irritants and the cessation of smok-
ing should be advised. All septic foci
should be removed and psychogenic factors
adjusted if possible. Not the least of these
psychic factors is one very simply corrected,
the patient's worry about his condition. He
can be assured that with his cooperation
some improvement is almost certain.
Chemotherapy appropriate to the bac-
terial flora of the sputum is prescribed.
Oxygen In the sick patient with chronic
hypercapnia it can be dangerous to
administer oxygen in large quantities
immediately. Once the oxygen content of
the blood has risen sufficiently, the stimulus
to respiration via the carotid and aortic
bodies may be lost, and the respiratory
centre, having gradually lost its sensitivity
to carbon dioxide, no longer responds to
it. Respiration thus decreases with the
attainment of normal blood oxygen levels,
and this leads to further carbon dioxide
retention. Carbon dioxide intoxication,
with confusion, coma and death can ensue.
Therefore it is advisable that in these severe
cases the oxygen supplement should be
gradually increased through an intranasal
catheter over two or three days to enable
the chemoreceptors of the respiratory
centre to recover their sensitivity to carbon
dioxide as the oxygen level gradually rises.
In less severe cases oxygen can usually be
given without fear if given by nasal
catheter, seven litres per Ininute usually
being adequate.
Bronchodilator Drugs As some broncho-
constriction is almost always present, a
bronchodilator drug such as Ephedro-
barbital or aminophylline is given. A num-
ber may have to be tried as different patients
respond better to one or other drug.
Expectorants. To deal wIth the increased
bronchial secretion expectorants are
normally prescrIbed, such as the Brompton
Hospital "hot water mixture". When the
patient is troubled by a dry cough, particu-
larly at night, a cough sedative or linctus
may be helpfuL
Diuretics. Because accompanying heart
failure is COillman it is advisable to give a
dIuretic. An oral type, such as Diamox,
is usually used. If frank cardiac failure is
present, then one of the mercurial diuretics
should be given twice or thrice \veekly.
Digitalis may also be given. It is important
to relieve any cardiac pain which may be
present as a result of the effort required in
breathing.
WeIght should be reduced to normal for
height, weight and age to reduce the cardio-
resptratory work required to maintain
activity.
Physiotherapy. The aims are to improve
respiratory excursion and to clear the
bronchial tree. Depending upon the con-
dition of the patient full treatment may
be undertaken at once or gradually. When
the patient is sick enough to warrant grad-
Ing of his treatment it 1S suggested that he
starts with breathing exercises directed to
improving his diaphragmatic movements
and his lateral basal expansion. I feel this
can only be done with the chest bare to be
observed during exercise. At the same
time he should be started on "cough drill"
at regular intervals. These intervals are
preferably associated with the expectorant
Inixture and if possible all secretions
evacuated. This may be impossible without
postural drainage, but this should not be
given until he is considered medically fit
to stand it. Postural drainage should be
directed at any areas of localised
bronchiectasis which may be evident,
although in tnany cases a general bronchitis
is the underlying lesion. General posturing
and movement, together with vibration of
the chest wall to loosen secretions, is all
that is practicable in these cases.
Intermittent Positive Pressure Breathing
Following overseas observations, we have
treated patients with intermittent positive
pressure breathing. This depends on the
administration of air or oxygen under pres-
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sure durIng inspiration with an automatic
release of pressure at the onset of expira-
tion. It is controlled by setting a dial which
automatically releases the valve when the
pressure wIthin the circuit rises above the
pressure set on the dial. This normally
occurs as soon as the patient attempts to
expire against the flow of gas" Alternative
methods have been used abroad" One
induces a pressure of mild degree on
expiration. EarlIer respirators, such as
Drinker's, tnay be modified to give a similar
result. Bennett's machine, which we
are using, gives an ideal pressure gradient
with a gradual increase of pressure during
inspiration and a sudden release of pressure
at the onset of expiration, thus interfering
as little as possible with either venous return
or cardiac output.
lErosols can be administered at the same
time. We are using a bronchodilator, such
as "Isuprel", a detergent (" Alevaire") and,
where indicated, an rerosol antibiotic such
as penictllin. The effect of these measures
can be sU1111ned up as (I) more effective
intrapulmonary gas mixing, (2) more even
ceratlon of all the alveoli, (3) mobilisation
of the chest wall by the mild pressure
gradient, (4) loosening of tenacious
mucoid material lining the bronchi, (5)
local relaxation of bronchoconstriction and
(6) local sterilizing effect of the antibiotics
We use this therapy routinely for a
mInimum of two weeks, patients receiving
ten minutes' treatment hourly through the
day, the times between being occupied with
breathing exercises and posturing.
Other Measures Bronchoscopic wash-
outs at frequent intervals, at least weekly,
are used in some centres. Pneumoperi-
toneum has been used to elevate the
diaphragm and decrease the size of the
lungs at the end of expiration so that more
space is available for inspiration. This can
only be effective where bronchial secretion
and constriction have been reduced to
insignificant proportions and where physio-
therapy has successfully mobilised the
diaphragm which must also be strong
enough to contract effectively against a
raised intra-abdominal pressure.
Massive emphysematous cysts which
progressively encroach upon functioning
lungs are sometimes removed surgically.
When spontaneous pneumothoraces occur,
surgical obliteration of the pleural cavity
has been attempted with varying degrees of
success" Apart from these instances most
thoracic surgeons would regard generalized
bronchItis and emphysema as a contra-
indication to surgery in the chest, at least
until the bronchitis has been controlled and
the respiratory reserve is adequate.
RESULTS
Of the small number of cases so far
treated on the regimen outlined the majority
have had some subjective improvement
and there has usually been a measurable
increase in the maximum breathing
capacity. In 18 patients so treated we have
had an average increase in breathing
capacity from 35 litres per minute to 41
htres per minute. Some American figures
claim tnuch greater improvement. Our
results have varied, one patient showing an
increase from 58 to 80 litres per minute and
one showing no change. The latter was a
young man with bronchiectasis, whose main
complaint was cough and sputum rather
than dyspncea. Although there was no
improvement in breathing capacity there
was some decrease in the amount of sputum
produced. One patient excluded from these
figures actually decreased his maximal
breathing capacity, but during treatment he
developed an acute intercurrent infection
and treatment had to be stopped. Since
then, in a further course of treatment some
improvement in maximum breathing
capacity was observed.
CONCLUSION
The improvement obtained depends
largely upon intensive and time-consuming
attention to details, none of which individu-
ally offers much help, but taken together
they give some hope of improvement. The
degree of effectiveness is probably largely a
measure of the enthusiasm of the staff.
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